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1
ORTHOPEDIC EXTERNAL FIXATION
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. Provisional
Patent Application No. 61/755,618 that was filed Jan. 23,
2013, the entire contents of which is hereby incorporated by
reference.

BACKGROUND

Bone fractures are debilitating injuries that affect millions
of'people around the world each year. Many of these fractures
involve the long bones of the extremities including the femur,
tibia, fibula, humerus, radius, and ulna. Fractures to these
bones can be particularly painful, difficult to heal, and may
require multiple surgeries with months of recovery.

When a patient enters the emergency room with a severe
bone fracture, it is often accompanied by many other serious
injuries. For instance, bone fractures are a frequent occur-
rence after a serious car accident, where often times the
individual will also have head and respiratory trauma that is of
primary concern. Though the critical injuries must be
addressed first, once the patient is stable in the emergency
department any serious fractures must be stabilized. The
patient may need to be transported throughout the emergency
department for various imaging and surgical procedures, so it
is important to have the injured limb temporarily stabilized to
reduce pain and prevent improper healing. Temporary stabi-
lization may be required until the patient and his or her inju-
ries are stable enough for a surgical procedure in the operating
room to repair and permanently fixate the fracture. This tem-
porary period can be anywhere from a few hours to a week,
depending on the injuries. Once placed, a permanent device
may remain affixed for a number of weeks or even months,
until the fracture is adequately healed.

There are several forms of temporary fracture stabilization
methods including splinting, traction, and external fixation.
Splinting may provide support along a fracture until the
patient’s other critical injuries are stabilized; however, such
temporary devices are not always compatible with certain
imaging techniques, such as magnetic resonance imaging
(MRI), and don’t actually fixate the fracture.

Traction is a method for temporary fracture stabilization
used in many hospitals and emergency departments. Traction
systems separate the two major bone fragments, properly
aligning them (reduction) and facilitating proper healing.
However, traction is a bulky procedure and can subject the
patient to an uncomfortable position without the ability to
move for an extended period of time. Bed transfers with this
type of fixation are highly impractical, and very difficult to
orchestrate.

External fixators have been used for over a century and
have two widespread uses: temporary fixation and more per-
manent applications intended for a longer term treatment
(permanent external fixation). Methods for permanent exter-
nal fixation may utilize multi-pin circular frames and unilat-
eral pin-bar systems. Though effective in stabilizing the frac-
ture and keeping the fragments aligned for healing, the
installation of these permanent fixation devices can takes
hours, and the complexity involved with unilateral and pin-
point bone screw affixation can be complicated.

Temporary fixation involves the rapid temporary fixation
of'bone fractures using primarily unilateral pin-bar fixators to
provide temporary stability while the patient is stabilized and
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care is provided during hospitalization. Current temporary
fixators employ, at a minimum, four separate pins to achieve
fixation. Such devices can take critical time to be applied and
pose an increased risk for infection at the exposed sites of pin
entry.

SUMMARY

Devices for the temporary or permanent fixation of bone
fractures are provided. Also provided are methods of using
the devices for the fixation of bone fragments. The device
comprises at least one distal pin assembly configured to
engage a first bone fragment, at least one proximal pin assem-
bly configured to engage a second bone fragment, wherein the
second bone fragment is at least partially separated from the
first bone fragment by a bone fracture, and a rail bar system
configured to connect the distal and proximal pin assemblies
together across the bone fracture.

In one embodiment, the distal pin assembly includes a
screw portion having a distal end configured to engage a first
bone fragment and a proximal end, a support sheath portion
having a distal end configured to engage the first bone frag-
ment, wherein the support sheath portion defines an elongated
channel in which the proximal end of the screw portion is
disposed, and a cap portion attaching the proximal end of the
screw portion to the support sheath portion. The proximal pin
assembly comprises a screw portion having a distal end con-
figured to engage a second bone fragment and a proximal end,
a support sheath portion having a distal end configured to
engage the second bone fragment, wherein the support sheath
portion defines an elongated channel in which the proximal
end of the screw portion is disposed, and a cap portion attach-
ing the proximal end of the screw portion to the support
sheath portion. The rail bar system can comprise one or more
rigid support structures configured to connect the cap portion
of the distal pin assembly to the cap portion of the proximal
pin assembly.

In another embodiment, the distal pin assembly includes a
screw portion, the screw portion having a distal end config-
ured to engage a first bone fragment and a proximal end, and
a cap portion attached to the proximal end of the screw por-
tion. The proximal pin assembly comprises a screw portion
having a distal end configured to engage a second bone frag-
ment and a proximal end and a cap portion attached to the
proximal end of the screw portion. The rail bar system can
comprise one or more rigid support structures configured to
connect the cap portion of the distal pin assembly to the cap
portion of the proximal pin assembly.

In some embodiments, the distal pin assembly comprises a
cap portion comprising a hemispherical surface configured to
engage with the rail bar system to connect the distal pin
assembly to the rail bar system and a proximal pin assembly
having a cap portion comprising a hemispherical surface con-
figured to engage with the rail bar system to connect said
proximal pin assembly to the rail bar system.

In some embodiments, the distal end of said support sheath
portion of the distal pin assembly comprises tines configured
to engage the first bone fragment and the distal end of the
support sheath portion of said proximal pin assembly com-
prises tines configured to engage the second bone fragment.

In some embodiments, the distal end of the screw portion of
the distal pin assembly comprises forward threaded screw
threads and the distal end of the screw portion of the proximal
pin assembly comprises reverse threaded screw threads. Such
a design allows the device to self-lock against both motion
and rotation once inserted into the bone fragments. For
example, if the fracture fragments are stressed during move-
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ment (i.e., a limb may be lifted during patient transport, so the
only force applied would be in the vertical direction) the
screw threading counteracts the torque experienced during
such a lift.

Insome embodiments, the distal end of the screw portion of
the distal pin assembly comprises a self-boring and self-
tapping tip adjacent to a section of cylindrical threading
which transitions into a section of conical threading and the
distal end of the screw portion of the proximal pin assembly
comprises a self-boring and self-tapping tip adjacent to a
section of cylindrical threading which transitions into a sec-
tion of conical threading. Such a design allows the device to
self-lock against both motion and rotation and prevents the
screw portions of each pin assembly from backing out of their
holes within the respective bone fragments during movement
of the bone fracture.

In some embodiments, the device comprises only two pin
assemblies.

One embodiment of a method of treating a bone fracture
with the present devices comprises engaging a first bone
fragment with at least one distal pin assembly and engaging a
second bone fragment with at least one proximal pin assem-
bly. The distal and proximal pin assemblies are then con-
nected using the rail bar system.

Other principal features and advantages of the invention
will become apparent to those skilled in the art upon review of
the following drawings, the detailed description, and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Illustrative embodiments of the invention will hereafter be
described with reference to the accompanying drawings,
wherein like numerals denote like elements.

FIG. 1 shows a perspective view of an embodiment of an
external fixation device fixated to a fractured bone.

FIG. 2 shows an exploded perspective view of an embodi-
ment of an external fixation device.

FIG. 3 shows a front view of an embodiment of an external
fixation device fixated to a fractured bone.

FIG. 4 shows a front view of an embodiment of an external
fixation device.

FIG. 5 shows a side view of an embodiment of an external
fixation device.

FIG. 6 shows an exploded perspective view of an embodi-
ment of a pin assembly for an external fixation device.

FIG. 7 shows a front view of an embodiment of a screw
portion of a pin assembly for an external fixation device.

FIG. 8 shows a front view of an embodiment of a screw
portion of a pin assembly for an external fixation device
having a self-boring and self-tapping tip adjacent to a section
of cylindrical threading which transitions into a section of
conical threading.

FIG. 9 shows a front view of an embodiment of an external
fixation device fixated to a fractured bone.

FIG. 10 shows a perspective view of an embodiment of an
external fixation device.

FIG. 11 shows a top view of an embodiment of an external
fixation device.

DETAILED DESCRIPTION

The following description of the embodiments of the
devices and methods is merely illustrative and is not intended
to limit the invention to a specific embodiment or its use to a
specific application.
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One embodiment of an orthopedic external fixation device
120 is shown in FIG. 1, FIG. 3, and FIG. 4. FIG. 4 shows
orthopedic external fixation device 120 alone. FIG. 1 and
FIG. 3 show orthopedic external fixation device 120 in com-
bination with fractured bone 122. The orthopedic external
fixation device 120 includes distal pin assembly 116 config-
ured to screw into first bone fragment 124; proximal pin
assembly 118 configured to screw into second bone fragment
126; and rail bar system 100 configured to connect distal pin
assembly 116 to proximal pin assembly 118. Distal pin
assembly 116 comprises screw cap 104 configured to connect
distal pin assembly 116 to rail bar system 100; support sheath
portion 110 configured to engage first bone fragment 124; and
a screw portion 112 having a distal end configured to screw
into first bone fragment 124 and a proximal end. Proximal pin
assembly 118 comprises screw cap 104' configured to con-
nect proximal pin assembly 118 to rail bar system 100; sup-
port sheath 110' configured to engage second bone fragment
126; and a screw portion 114 having a distal end configured to
screw into second bone fragment 126 and a proximal end.

The terms “distal end” and “proximal end” are used
throughout this disclosure in reference to the screw portion,
the support shealth portion and the cap screw cap of each pin
assembly. As used herein the “distal end” refers to the end of
the component that is nearest the bone fragment when the pin
assembly is in place and the “proximal end” refers to the end
of the component that is disposed opposite, or substantially
opposite, the distal end.

As shown in this embodiment, each support sheath portion
has a distal end configured to engage a bone fragment,
wherein the support sheath portion defines an elongated chan-
nel in which the proximal end of a screw portion is disposed
and out of which the distal end of the screw portion extends.
For example, the support sheath portion may comprise a
distal end, an oppositely disposed proximal end and a body
(e.g., a hollow shaft) connecting the distal and proximal ends,
wherein the elongated channel extends through the body from
the distal end to the proximal end. The engagement between
a bone fragment and the distal end of the support sheath
portion may be provided, for example, by extensions (e.g.,
tines) at the distal end of the sheath that are configured to
anchor the sheath portion to a bone fragment and hold the
sheath portion in a given position along the bone fragment.
The support sheath portion fits over the screw portion to allow
the support sheath portion to slide over the proximal end of
the screw portion and engage the bone fragment.

In the present embodiment, as best seen in FIG. 6, support
sheath portion 110 of distal pin assembly 116 slides over
screw portion 112, such that the distal end of screw portion
112 extends out of the distal end of support sheath portion
110. In the embodiment depicted in this figure, the proximal
end of support sheath portion 110 is wider than its distal end
and is configured to engage with the distal end of screw cap
104.

The distal end of screw cap 104 defines a bore hole the
inner surface of which comprises internal screw threads (e.g.,
a nut) 602 configured to engage with the threaded proximal
end of screw portion 112 and to determine the length of screw
portion 112 that enters into the interior volume of screw cap
104. The distal end of screw cap 104 further defines an open-
ing 603 configured to receive the proximal end of support
sheath portion 110. Screw cap 104 further comprises a proxi-
mal end disposed opposite its distal end and a body, such as a
hollow shaft, extending between the proximal and distal ends.
In the embodiment of FIG. 6, the proximal end of screw cap
104 comprises an extension that forms a hemispherical sur-
face 611.
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Once the proximal end of support sheath portion 110 has
been inserted into the distal end of screw cap 104, lower screw
cap portion thumbscrew 108 can be tightened against support
sheath portion 110 to hold it in place. Similarly, once the
proximal end of screw portion 112 has been inserted to screw
cap 104, upper screw cap portion thumbscrew 606 can be
tightened against screw portion 112 to hold it in place. A
support sheath portion plug 604, configured to be inserted
through hole 605 in the wall of support sheath portion 110 and
to ride along a flat section 609 running along at least a portion
of'the length of the outer surface of screw portion 112, can be
used to ensure proper alignment of distal pin assembly 116.
Similarly, a screw cap plug 106, configured to ride in a chan-
nel 613 (visible in FIG. 1) present on the proximal end of
support sheath portion 110, can be used to ensure proper
alignment of distal pin assembly 116. The proximal pin
assembly 118 has the same overall organization as shown
here for distal pin assembly 116.

FIG. 7 shows only screw portion 112. Screw portion 112
has a distal end 706 configured to screw into a first bone
fragment, a proximal end 702 comprising threads to engage
threaded bore hole 602, and an unthreaded shaft 704 extend-
ing between distal end 706 and proximal end 702.

As seen in FIG. 8, distal end 706 of screw portion 112
optionally comprises a self-boring and self-tapping screw tip
806 adjacent to a section of cylindrical threads 804 that tran-
sitions into a section of conical threads §02.

As shown in FIGS. 1-5, rail bar system 100 optionally is
configured to connect to screw cap 104 of distal pin assembly
116 and screw cap 104' of proximal pin assembly 118. As
shown here, the two pin assemblies can be spaced apart along
the rail bar system, such that the rail bar system forms a bridge
between the pin assemblies. The rail bar system is desirably
designed such that the spacing between the two pin assem-
blies can be adjusted. For example, rail bar system 100
defines a groove 101 configured to slidably engage with
hemispherical surfaces on screw caps 104 and 104'. The posi-
tion of the hemispherical surface of each screw cap 104 and
104' in the groove can be adjusted to a desired location and
that location can be fixed by tightening cap screws 102 on
either side of each hemispherical surface.

Another embodiment of a rail bar system is shown in FIGS.
9-11. In embodiments such as this, the spacing between the
pin assemblies can be made adjustable by including one or
more adjustable joints along the rail bar system. As seen in
FIGS. 9-11, the joints of rail bar system 900 may comprise
ball joints comprising one or more ball connectors and socket
connectors. As seen by the configuration shown in FIGS.
9-11, two socket connectors 908 connect screw cap 104 of
distal pin assembly 116 to one end of a first ball connector
902. The ball and socket joint formed by two socket connec-
tors 908 and screw cap 104 or two socket connectors 908 and
ball connector 902 can be tightened using knob screw 906.
Likewise, two socket connectors 912 connect screw cap 104'
of'proximal pin assembly 118 to a second ball connector 904.
Such ball and socket joints, can also be tightened using a
second knob screw 914. The free ends of both ball connectors
902 and 904 are joined by a third set of two socket connectors
910 and can also be tightened using a third knob screw 916.

In another embodiment, the orthopedic external fixation
device of the present invention includes distal pin assembly
116 configured to screw into a first bone fragment; proximal
pin assembly 118 configured to screw into a second bone
fragment; and rail bar system 100 configured to connect distal
pin assembly 116 to proximal pin assembly 118. Distal pin
assembly 116 comprises screw cap 104 configured to connect
distal pin assembly 116 to rail bar system 100 or 900 and
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distal pin screw 112 configured to screw into first bone frag-
ment. Proximal pin assembly 118 comprises screw cap 104'
configured to connect proximal pin assembly 118 to rail bar
system 100 or 900 and proximal pin screw 114 configured to
screw into second bone fragment. Rail bar system 100 or 900
is configured to connect to screw cap 104 of distal pin assem-
bly 116 to screw cap 104' of proximal pin assembly 118.

While various descriptions of the present invention are
described above, it should be understood that the various
features can be used singly or in any combination. Therefore,
the present invention is not limited to only the specific
embodiments depicted herein.

The word “illustrative” is used herein to mean serving as an
example, instance, or illustration. Any aspect or design
described herein as “illustrative” is not necessarily to be con-
strued as preferred or advantageous over other aspects or
designs. Further, for the purposes of this disclosure and unless
otherwise specified, “a” or “an” means “one or more”. Still
further, the use of “and” or “or” is intended to include “and/
or” unless specifically indicated otherwise.

The foregoing description of illustrative embodiments of
the invention has been presented for purposes of illustration
and of description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and modifi-
cations and variations are possible in light of the above teach-
ings or may be acquired from practice of the invention. The
embodiments were chosen and described in order to explain
the principles of the invention and as practical applications of
the invention to enable one skilled in the art to utilize the
invention in various embodiments and with various modifi-
cations as suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the
claims appended hereto and their equivalents.

What is claimed is:

1. A device for fixation of a bone fracture comprising:

a. at least one distal pin assembly configured to engage a

first bone fragment, said distal pin assembly comprising
(1) a screw portion having a distal end configured to
engage the first bone fragment and a proximal end, (ii) a
support sheath portion having a distal end configured to
engage the first bone fragment, wherein the support
sheath portion defines an elongated channel in which the
proximal end of the screw portion is disposed, and (iii) a
cap portion connecting said proximal end of said screw
portion to said support sheath portion;

b. at least one proximal pin assembly configured to engage

a second bone fragment, said proximal pin assembly
comprising (i) a screw portion having a distal end con-
figured to engage the second bone fragment and a proxi-
mal end, (ii) a support sheath portion having a distal end
configured to engage the second bone fragment, wherein
the support sheath portion defines an elongated channel
in which the proximal end of the screw portion is dis-
posed, and (iii) a cap portion configured to attach said
proximal end of said screw portion to said support sheath
portion; and

c. arail bar system configured to connect said cap portion

of said distal pin assembly to said cap portion of said
proximal pin assembly.

2. The device of claim 1 wherein said cap portion of said
distal pin assembly comprises a hemispherical surface con-
figured to engage with said rail bar system to connect said
distal pin assembly to said rail bar system and said cap portion
of said proximal pin assembly comprises a hemispherical
surface configured to engage with said rail bar system to
connect said proximal pin assembly to said rail bar system.
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3. The device of claim 2 wherein the distal end of said
support sheath portion of said distal pin assembly comprises
tines configured to engage said first bone fragment and the
distal end of said support sheath portion of said proximal pin
assembly comprises tines configured to engage said second
bone fragment.

4. The device of claim 3 wherein said distal end of said
screw portion of said distal pin assembly comprises forward
threaded screw threads and said distal end of said screw
portion of said proximal pin assembly comprises reverse
threaded screw threads.

5. The device of claim 4 wherein said distal end of said
screw portion of said distal pin assembly comprises a self-
boring and self-tapping tip adjacent to a section of cylindrical
threading which transitions into a section of conical threading
and said distal end of said screw portion of said proximal pin
assembly comprises a self-boring and self-tapping tip adja-
cent to a section of cylindrical threading which transitions
into a section of conical threading.

6. The device of claim 3 wherein said distal end of said
screw portion of said distal pin assembly comprises a self-
boring and self-tapping tip adjacent to a section of cylindrical
threading which transitions into a section of conical threading
and said distal end of said screw portion of said proximal pin
assembly comprises a self-boring and self-tapping tip adja-
cent to a section of cylindrical threading which transitions
into a section of conical threading.

7. The device of claim 2 wherein said distal end of said
screw portion of said distal pin assembly comprises forward
threaded screw threads and said distal end of said screw
portion of said proximal pin assembly comprises reverse
threaded screw threads.

8. The device of claim 7 wherein said distal end of said
screw portion of said distal pin assembly comprises a self-
boring and self-tapping tip adjacent to a section of cylindrical
threading which transitions into a section of conical threading
and said distal end of said screw portion of said proximal pin
assembly comprises a self-boring and self-tapping tip adja-
cent to a section of cylindrical threading which transitions
into a section of conical threading.

9. The device of claim 2 wherein said distal end of said
screw portion of said distal pin assembly comprises a self-
boring and self-tapping tip adjacent to a section of cylindrical
threading which transitions into a section of conical threading
and said distal end of said screw portion of said proximal pin
assembly comprises a self-boring and self-tapping tip adja-
cent to a section of cylindrical threading which transitions
into a section of conical threading.

10. The device of claim 1 wherein the distal end of said
support sheath portion of said distal pin assembly comprises
tines configured to engage said first bone fragment and the
distal end of said support sheath portion of said proximal pin
assembly comprises tines configured to engage said second
bone fragment.

11. The device of claim 1 wherein said distal end of said
screw portion of said distal pin assembly comprises forward
threaded screw threads and said distal end of said screw
portion of said proximal pin assembly comprises reverse
threaded screw threads.

12. The device of claim 11 wherein said distal end of said
screw portion of said distal pin assembly comprises a self-
boring and self-tapping tip adjacent to a section of cylindrical
threading which transitions into a section of conical threading
and said distal end of said screw portion of said proximal pin
assembly comprises a self-boring and self-tapping tip adja-
cent to a section of cylindrical threading which transitions
into a section of conical threading.
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13. The device of claim 1 wherein said distal end of said
screw portion of said distal pin assembly comprises a self-
boring and self-tapping tip adjacent to a section of cylindrical
threading which transitions into a section of conical threading
and said distal end of said screw portion of said proximal pin
assembly comprises a self-boring and self-tapping tip adja-
cent to a section of cylindrical threading which transitions
into a section of conical threading.

14. A method of using the device in claim 1 to stabilize a
fractured bone comprising a first bone fragment and a second
bone fragment, the method comprising:

a. engaging the first bone fragment with the distal pin

assembly;

b. engaging the second bone fragment with the proximal

pin assembly; and

c. connecting said distal pin assembly to said proximal pin

assembly with the rail bar system.

15. A device for fixation of a bone fracture comprising:

a. at least one distal pin assembly configured to engage a

first bone fragment, said distal pin assembly comprising
(1) a screw portion having a distal end configured to
engage the first bone fragment and a proximal end, and
(ii) a cap portion attached to said proximal end of said
screw portion, wherein the proximal end of the at least
one distal pin assembly is terminated by the cap portion;

b. at least one proximal pin assembly configured to engage

a second bone fragment, said proximal pin assembly
comprising (i) a screw portion having a distal end con-
figured to engage the second bone fragment and a proxi-
mal end, and (ii) a cap portion attached to said proximal
end of said screw portion, wherein the proximal end of
the at least one proximal pin assembly is terminated by
the cap portion; and

c. arail bar system configured to connect said cap portion

of said distal pin assembly to said cap portion of said
proximal pin assembly.

16. The device of claim 15 wherein said cap portion of said
distal pin assembly comprises a hemispherical surface that
terminates the proximal end of the distal pin assembly and is
configured to engage with said rail bar system to connect said
distal pin assembly to said rail bar system and said cap portion
of said proximal pin assembly comprises a hemispherical
surface that terminates the proximal end of the proximal pin
assembly and is configured to engage with said rail bar system
to connect said proximal pin assembly to said rail bar system.

17. The device of claim 16 wherein said distal end of said
screw portion of said distal pin assembly comprises forward
threaded screw threads and said distal end of said screw
portion of said proximal pin assembly comprises reverse
threaded screw threads.

18. The device of claim 16 wherein said distal end of said
screw portion of said distal pin assembly comprises a self-
boring and self-tapping tip adjacent to a section of cylindrical
threading which transitions into a section of conical threading
and said distal end of said screw portion of said proximal pin
assembly comprises a self-boring and self-tapping tip adja-
cent to a section of cylindrical threading which transitions
into a section of conical threading.

19. The device of claim 16, wherein the rail bar system
defines a groove and the hemispherical surface of the cap
portion of said distal pin assembly and the hemispherical
surface of the cap portion of said proximal pin assembly are
both slidably engaged with that groove.

20. The device of claim 16, wherein the hemispherical
surface of the cap portion of said distal pin assembly and the
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hemispherical surface of the cap portion of said proximal pin
assembly are both connected to the rail bar system via ball-
and-socket joints.

21. The device of claim 15 wherein said distal end of said
screw portion of said distal pin assembly comprises a self-
boring and self-tapping tip adjacent to a section of cylindrical
threading which transitions into a section of conical threading
and said distal end of said screw portion of said proximal pin
assembly comprises a self-boring and self-tapping tip adja-
cent to a section of cylindrical threading which transitions
into a section of conical threading.

22. A method of using the device in claim 15 to stabilize a
fractured bone comprising a first bone fragment and a second
bone fragment, the method comprising:

a. engaging the first bone fragment with the distal pin

assembly;

b. engaging the second bone fragment with the proximal

pin assembly; and

c. connecting said distal pin assembly to said proximal pin

assembly with the rail bar system.
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